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on Hog Farms in Southern Seaboard
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ABSTRACT. EPA in December, 2000 proposed rules that would bring
more livestock operations under regulation and restrict manure applica-
tion more closely to crop nutrient needs. This paper, using individual
whole-farm modeling applied to survey data, assessed the impacts of the
proposed regulation on hog farms in the Southern Seaboard region. Re-
sults showed impacts would be particularly severe on large-size farms
(over 2,500 pigs) applying manure to Bermuda hay. Feeding hogs a
phytase diet that reduces phosphorous in manure reduced the income loss
for farms with limited acres for applying manure. [Article copies available
for a fee from The Haworth Document Delivery Service: 1-800-HAWORTH.
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INTRODUCTION

The environmental effects of concentrated livestock feeding opera-
tions and their associated waste management are an increasing source
of public policy concern (Innes, 2000). In response, USDA and EPA
have developed a Unified National Strategy for Animal Feeding Opera-
tions (AFOs) (USEPA, 1999). This strategy calls for all AFOs to imple-
ment Comprehensive Nutrient Management Plans (CNMP) to minimize
the impact on water quality and public health. As part of this strategy,
EPA in December, 2000 proposed several changes to current NPDES
(National Pollutant Discharge Elimination System) permit regulations,
and to current effluent guidelines (USEPA, 2000). The changes include
redefining which concentrated animal feeding facilities (CAFOs) would
be subject to the NPDES regulation, and specifying new effluent guide-
lines for an operation permit, including handling and land application of
manure.

The most encompassing alternative that EPA is proposing for defin-
ing hog CAFOs is a three-tier structure which specifies a hog farm as a
CAFO (1) if the number of hogs (weighing over 55 pounds) is over
2,500, or (2) if it has between 750 and 2,500 hogs and meets certain con-
ditions, or (3) if it has fewer than 750 hogs and is specifically designated
by the permit authority.1 All facilities in the second group must either
certify that they do not meet the conditions for being defined as a CAFO
or must apply for a permit. This CAFO definition lowering the mini-
mum number of hogs in a regulated facility from the current over 2,500
to over 750 hogs, will subject many more hog farms to regulation than
currently.

EPA’s proposed effluent guidelines would also affect both new and
existing CAFOs. Under these guidelines, many CAFO operators may
need to follow phosphorous (P)-based nutrient management plans (NRCS,
2001) rather than N-based plans as presently required. Under this plan,
CAFOs would need to restrict manure application to the amount of P
needed by crops, or restrict manure application to the amount of nitro-
gen (N) needed by crops in the areas of low P in the soil. These proposed
changes in NPDES guidelines along with a new CAFO classification
could increase hog production costs and reduce hog farm profits in the
Southern Seaboard (SS) region (Figure 1).

The hog industry in the Southern Seaboard (SS) region in the past
three decades has moved toward larger AFOs with limited cropland for
manure disposal (McBride, 1995; McBride and Christensen, 2000). In
1998, the region contained 4,441 hog farms, about 7 percent of total
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U.S. hog farms, and accounted for 19 percent of total U.S. hog sales.
About 60 percent of all farms and 90 percent of large farms (>750 hogs)
in the SS region were located in North Carolina (NC) in 1998. Many of
the large farms in NC are located close to water bodies and on areas
where soil and groundwater are vulnerable to nutrient pollution (North
Carolina Department of Agriculture). Farms in North Carolina cur-
rently are required under State regulations to apply manure in quantities
that meet but not exceed crop N use rates (Bosch et al., 1998). Changing
to a P-restriction under the EPA’s proposed rules would require more
crop acres to dispose manure adequately (Bosch et al., 1998). Many
farms in the SS region may not have adequate cropland to follow
P-based nutrient management plans.

OBJECTIVE

This research assessed how the proposed EPA (2000) rule changes
on CAFOs and manure application would affect hog operations and
their profitability in the SS region. The research addressed the follow-
ing questions: How many additional hog farms would be subject to the
regulation? What percent of regulated farms would have to arrange for
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FIGURE 1. Southern Seaboard Farm Resource Region (shaded areas)
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additional land to properly disperse manure and what acreage would be
needed? What would be the cost (reduction in net crop returns) per farm
and per hog sold to comply with regulation? What would be the mar-
ginal value to the farm to reduce the amount of manure on farm to com-
ply with the regulation?

ADDITIONAL AFFECTED FARMS

The information base for this assessment was a national survey of
hog operations conducted under the 1998 Agricultural Resource Man-
agement Study Phase III. A total of 404 farms in the SS region re-
sponded to the survey, representing 4,441 hog farms when expanded by
survey weights (Table 1). A total of 2,140 farms or about 48 percent
would be affected by the proposed rule changes. The current EPA regu-
lation, which requires farms over 2,500 hogs at one time during a pro-
duction year to have permits, affects 1042 hog farms or about 23
percent of the regional total. The new definition of CAFO, thus, would
bring an additional 1,098 or about 25 percent of the region’s hog farms
under regulation. Of the total affected farms, 64 percent are feeder-
pig-to-finish operations, and 11 percent are farrow-to-finish operations.

This study focused only on surveyed feeder-pig-to-finish farms,
which were the largest group of hog operations in the region. The farms
in this group were divided into subgroups according to their manure
type, field application method, and crops grown (Table 2). In total, 16
subgroups of farms were identified, but only 3 subgroups that had ten
surveyed farms or more were included in this analysis for reliability rea-
sons (marked with an asterisk in the Table 2). These 3 subgroups were
(1) large and (2) medium-size feeder-pig-to-finish farms spreading la-
goon manure on hay, and (3) large feeder-pig-to-finish farms spreading
lagoon liquid manure on corn-soybean-wheat. The three subgroups
contained 69 surveyed hog farms in total.

ASSESSMENT MODELS

Following the analytical framework employed by Chase and Duffy
(1991), an individual whole farm model was formulated from survey
data for each of 69 selected farms, assuming the farm would maintain
the same size of hog operation and same crop production practices un-
der the proposed restrictions.
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TABLE 1. Number of surveyed farms and estimated number of farms in the
Southern Seaboard classified by the maximum hog capacity

Operation type Number of surveyed farms Number of farms estimated

Farrow-to-finish

Hogs � 2,500 16 (12%) 96 (7%)

2,500 > hogs � 750 21 (16%) 138 (10%)

Hogs < 750 97 (72%) 1,205 (83%)

Subtotal 134 (100%) 1,439 (100%)

Farrow-to-feeder-pig

Hogs � 10,000 5 (12%) 47 (8%)

10,000 > hogs � 3,000 9 (22%) 98 (17%)

Hogs < 3,000 27 (66%) 436 (75%)

Subtotal 41 (100%) 581 (100%)

Feeder-pig-to-finish

Hogs � 2,500 93 (63%) 946 (60%)

2,500 > hogs � 750 35 (24%) 421 (27%)

Hogs < 750 19 (13%) 207 (13%)

Subtotal 147 (100%) 1,574 (100%)

Farrow-to-weaning

Hogs � 10,000 0 (0%) 0 (0%)

10,000 > hogs � 3,000 4 (40%) 37 (32%)

Hogs < 3,000 6 (60%) 78 (68%)

Subtotal 10 (100%) 115 (100%)

Weaning-to-feeder-pig

Hogs � 10,000 0 (0%) 0 (0%)

10,000 > hogs � 3,000 26 (76%) 248 (75%)

Hogs < 3,000 8 (24%) 81 (25%)

Subtotal 34 (100%) 329 (100%)

Mixed operations1

Hogs � 2,500 11 (29%) 80 (27%)

2,500 > hogs � 750 5 (13%) 29 (10%)

Hogs < 750 22 (68%) 295 (63%)

Subtotal 38 (100%) 403 (100%)

Total 404 4,441

Total affected 225 2,140
1Operations that do not fit into any of the above categories. These operations may have more than one type of pro-
duction activity.
Source: USDA, ERS, Based on 1998 Agricultural Resource Management Study survey.
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Objective Function. We assume that the hog farm operator, with cur-
rent (1998) number of hogs and cropping systems, will maximize the
net return, Z, from the crop production portion of the operation for crop
i given the availability of manure produced on the farm and a given crop
acreage operated by the farm on which manure can be applied.2 The
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TABLE 2. Number of surveyed farms that would be affected by EPA’s pro-
posed CAFO rule, Southern-Seaboard region

Type of operation1 Large farms
(2,500 + hogs)

Medium farms
(750-2,500 hogs)

Feeder-pig-to-finish operations Number (% of subtotal)

Slurry manure

Spreading slurry on hay 1 (50%) 0 (0%)

Spreading slurry on csw 0 (0%) 0 (0%)

Spreading slurry on cs 1 (50%) 0 (0%)

Others 0 (0%) 1 (100%)

Subtotal 2 (100%) 1 (100%)

Lagoon liquid manure

Spreading manure on hay 40 (44%)* 10 (29%)*

Spreading manure on csw 19 (21%)* 2 (6%)

Spreading manure on cs 3 (3%) 2 (6%)

Others 29 (32%) 20 (59%)

Subtotal 91(100%) 34 (100%)

Farrow-to-finish operations

Slurry manure

Spreading slurry on hay 0 (0%) 0 (0%)

Spreading slurry on csw 0 (0%) 0 (0%)

Spreading slurry on cs 0 (0%) 0 (0%)

Others 0 (0%) 0 (0%)

Subtotal 0 (0%) 0 (0%)

Lagoon liquid manure

Spreading manure on hay 4 (25%) 5 (24%)

Spreading manure on csw 2 (13%) 5 (24%)

Spreading manure on cs 3 (19%) 1 (5%)

Others 7 (57%) 10 (47%)

Subtotal 16 (100%) 21 (100%)

Total surveyed farms 109 56

Total analyzed 59 (54%) 10 (18%)
1Hay = Bermuda grass hay, Cs = Corn-soybeans rotation, Csw = Corn-soybeans-wheat rotation.
Others include farms growing minor crops, farms in type of operation groups with less than 5 farms, and farms with
missing data.
*Ten or more farms.
Source: USDA, ERS data from 1998 Agricultural Resource Management Study survey of U.S. hog farms.
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farm determines acres, Cim, to receive manure and acres, Cin, not to re-
ceive manure. The farm leases additional acres LS for manure applica-
tion if the farm owned acreage, Lo, is insufficient. The farm also
determines the manure application rate, Ai, and the amount of nutrient j
from commercial fertilizers for crop i, Fij. The objective function that
maximizes crop net return NRm from manured acres and crop net return
NRn from non-manured acres is specified as

Maximize Z = NRm + NRn (1)

Where NRm = Si(pi yi � oi) Cim � SiSj fj Fij Cim � MAC � r LS and
NRn = (Si (pi yi � oi � Sj fj dij yi) Cin. pi is the price ($/bushel) of crop i, yi
is the crop yield (bushel/acre), oi is production costs other than fertilizer
and land ownership costs ($/acre). fj is the cost ($/pound) of j nutrient of
commercial fertilizer, and dij is the pounds of j nutrient needed to pro-
duce one bushel (ton) of i crop, j = n (nitrogen), p (phosphate), k (pot-
ash); and MAC is the manure application cost ($) (to be defined later);
and r is the land rent ($/acre) of leased acres for manure application. yi is
obtained from the survey. The objective function is subject to the fol-
lowing set of restrictions:

Acreage Restrictions

Si(Cim + Cin) � Ls = Lo (2)

where Lo is the farm owned tillable acres obtained from the survey.

Manure Use Restriction

SiAiCim = m Hog (3)

where Hog is the number of hogs on the farm, expressed in animal
units, as obtained from the survey and held constant.

Per-Acre Nutrients Required by Crops

Fij + ujAi + ys � dijyi � 0 for i and j (4)

where uj is the pounds of j nutrient in 1000 gallons of manure; and dij
is the pounds of j nutrient needed to produce one bushel of crop i. This
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restriction requires that the applied amount of each nutrient per acre
from commercial fertilizer and manure must meet the amount needed
by the crop. ys is N credit from soybeans in rotation with corn, assumed
to be 1 pound of N fixed per bushel of soybeans harvested. ys is set to
zero for j = p or k.

Nutrient Application Restrictions

Fij + ujAi + ys � dijyi + Sij � 0 for i and j (5)

where Sij is the amount of surplus manure nutrient j applied to crop i
but not utilized by the crop and Sij > 0. Sij has no value to the farm. Sij is
set to zero when nutrient j is restricted. For example, Sin becomes zero
when N is restricted. Surplus manure nutrients P can occur when the
manure application rate is restricted based on N because one unit of ma-
nure supplies more P than N needed by the crop (such as hay or corn).

Manure Application Cost (MAC). To estimate manure application
costs, a travel gun irrigation system was assumed. The cost of spreading
lagoon liquid on the soil surface, $/acre, was determined by the acres ir-
rigated, annual gross rate of application for crop i (Di in inches), and h
pumping capacity. The manure application cost (MAC) is:

MAC = MAC(Cim, Di, h) (6)

Cox’s formulation of (6) was used to estimate the manure application
cost. The pumping capacity, h was assumed to be 2 hours per acre-inch
for a large hog operation and 3 hours per acre-inch for a medium-sized
farm. This implies that a large farm would require a larger pumping
capacity than a medium-sized farm to minimize hours to spread the
manure. The costs were inflated to 2000 dollars using the index of
prices-paid-by-farmers (NASS).

TECHNICAL DATA AND ASSUMPTIONS

Crop yields, manured acres, total available crop acres, and number of
hogs were used as parameters in formulating each of the 69 selected sur-
veyed farm for the empirical research. Furthermore, the research per-
formed in this study made several key assumptions.
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1. All farms using a similar manure system were assumed to have
the same technical coefficients for manure production, nutrients
in manure, and nutrients required by crops. These coefficients
were obtained from published and unpublished sources (Table 3).
Manure from lagoons was assumed to be liquid. Manure from
each farm was considered to be incorporated if more than 50 per-
cent was incorporated, according to the survey. Otherwise it was
assumed to be surface spread.

2. The operation maintained the same number of hogs, type of hog
operation, and size of manure storage and application system re-
gardless of the manure application restrictions.3

3. The operation leased additional land when needed to meet manure
nutrient application restrictions, and cropped and harvested this
land the same as existing land. Cash rent paid for additional land
was $40 per acre (NASS, 2000).

4. Bermuda hay and a corn-soybeans-wheat rotation were the two
major cropping patterns in the region, and the only ones included
in the analysis. Yields of these crops as reported by the surveyed
operator were used to determine the lower bound on the amounts
of nutrients needed for crop growth. The potential yields of those
crops (Zering et al., 1999), which were generally higher than the
survey yields, were used to determine an upper bound on the
amounts of nutrients needed from crop growth.4 The same crop
yields were assumed for both manured and non-manured but com-
mercially fertilized acres.

5. Corn, soybeans, and wheat prices were the deficiency loan rates in
2000: $2.10/bu for corn, $5.34/bu for soybeans, and $2.47/bu for
wheat in SS region (FAS, 2000). Price of hay was assumed to be
$34/ton (Bosch et al., 1998). Fertilizer nutrient prices, which in-
cluded application costs, were $0.27/lb for nitrogen, $0.31/lb for
phosphate, and $0.17/lb for potash, based on April, 2000 USDA
published prices except the nitrogen price was adjusted upward to
reflect higher natural gas prices in April, 2001 (NASS, 2000).
Crop production costs excluding fertilizer and land ownership
costs were $276/ac for corn, $166/ac for soybeans, $144/ac for
wheat, and $230/ac for hay (ERS, 2001 and NCSU, 2001).

6. Phytase-supplemented feed was assumed to reduce P in hog ex-
cretion by 27.75 percent at a cost of $0.31 per hog for the
feeder-pig-to-finish (Bosch et al., 1998).
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SCENARIOS AND INDICATORS

One baseline scenario and three restriction scenarios were specified
for assessing the farm-level impacts:

Baseline: Manure application rate was unrestricted and manure
was applied to the same number of acres reported by the surveyed
farms. This simulated the actual land application of manure by
surveyed farms in 1998.

N-restriction: Manure application was restricted to the nitrogen
need of the individual crop, and acres receiving manure were re-
stricted to the tillable land owned and leased by the farm.

P-restriction: Manure application was restricted to the phospho-
rous needs of an individual crop, and acres receiving manure were
restricted to the tillable land owned and leased by the farm.

40 JOURNAL OF SUSTAINABLE AGRICULTURE

TABLE 3. Technical coefficients used in all individual whole farm models

Manure production per pig sold and per animal unit (AU) capacity (Zering et al.)1

Liquid (lagoon) manure
per pig per AU

sold capacity
- gallons - - 1000 gallons -

Feeder-pig-to-finish 326 6.84

Nutrient content of lagoon manure and amounts of nutrients needed by selected crops (Bosch et
al.; Zering et al.; The Fertilizer Instate)

Nutrient content of manure (uj)

N P2O5 K2O

--- Pounds/1,000 gallons ---

3 1.4 3.5

Amounts of nutrient needed (dij)2

N P2O5 K2O

Corn (lbs/bu) 1.2 0.37 0.27
Soybeans (lbs/bu) 3.75 0.92 1.38
Winter wheat (lbs/bu) 1.5 0.69 0.38
Hay (lbs/ton) 50 9.63 33.75

1We assume the average weight of pigs in the inventory for a feeder-pig-to-finish operation is 143 pounds with 3
production cycles per year. The lagoon liquid production for a feeder-pig-to-finish operation is from Bosch et al.
2These are the maximum amounts of nutrients that can be absorbed by crops. Soybeans have no need for N.
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P-restriction/phytase diet: Same as P-restriction but phytase added
to hog feed to reduce the P content of manure and thus the land
acres needed to dispose manure.

Four indicators were used to assess the farm-level impacts: (1) addi-
tional leased acres needed to comply with the restrictions, (2) net crop
return to the farm, (3) net crop return per hog sold, (4) marginal cost of
utilizing manure per 1000 gallons. Net crop return to a farm was gross
crop return from both manured and non-manured acres of the farm less
crop production and manure utilization costs. Marginal cost of utilizing
manure was the reduction in net farm income from applying the last
1000 gallons of manure on the farm. The group average and the range
(the maximum and minimum) are shown for each indicator. The eco-
nomic impacts on the farm were the differences in these five indicators
between the baseline and the restriction scenarios.

RESULTS OF THE ANALYSIS

Two sets of simulations were conducted to estimate the values of the
indicators. The simulation results based on survey yields, which were
lower than the potential yields, served as the lower-bound values of the
indicators. The simulation results based on the potential yields served as
the upper bounds of the indicators. Tables 4 to 6 show results of three
(sub) groups of hog operations investigated. Each table summarizes the
inputs used in the model, such as average animal units, acres owned,
crop yields, and the results obtained from the models, such as average
manure application rates, manured acres, purchased fertilizer, fertilizer
cost, phytase costs, manure application costs, and land lease costs.
These three tables also show the average costs to utilize manure and net
return from crop production. The estimated costs and returns in this
study were assumed in 1999-2000 dollars except crop prices.

Additional Leased Acres

By comparing the manure application rates between the baseline’s
and the restriction’s, manure was applied to crops in excess of nutrient
needs under the baseline scenario (Tables 4 to 6). More acres for spread-
ing manure would be needed when the restriction was imposed. Under
the restriction scenarios, we assumed that hog farm would lease addi-
tional land to utilize manure if current cropland was inadequate to com-
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ply with manure application restrictions. Another option would have
been to assume that farms find other means to dispose of surplus ma-
nure. However, since the 1998 hog farm survey indicated that only a
few (3 percent) CAFOs in the region paid for haul-off of manure from
their operations and none had given or sold it, we decided to base our
analysis on the leasing option.

42 JOURNAL OF SUSTAINABLE AGRICULTURE

TABLE 4. Average cost and returns to hay production on Southern Seaboard
large feeder-pig-to-finish farms (2,500 + hogs) spreading lagoon liquid manure
on the soil surface

A. Based on survey crop yields to determine crop’s need for manure

Baseline N-restriction P-restriction P-restriction
with phytase

Number of farms 405

Animal units /farm 1,351

Acres owned/farm 113

Own acres received manure/farm 66 81 100 97

Manured total acres/farm 70 177 431 311

Hay yield (tons/ac) 4.03 4.03 4.03 4.03

Manure application rate for hay (1000 gal/ac) 177 67 28 38

Manure N (lb/acre) 531 201 84 114

Manure P2O5 (lb/acre) 247 94 39 53

Manure K2O (lb/acre) 619 235 98 133

Commercial N (lb/acre) 23 0.60 112 67

Commercial P2O5 (lb/acre) 0.33 0 0 0

Commercial K2O (lb/acre) 6.32 0 30 1.18

Commercial fertilizer cost ($/farm) 494 16 12,866 5,663

Phytase cost ($/farm) 0 0 0 8,785

Manure application costs ($/farm) 9,877 12,765 23,104 18,056

Land lease cost/farm ($/farm) 140 3,865 13,252 8,560

Manure utilization costs ($/farm) 10,511 16,645 49,210 41,064

Fertilizer value of manure/farm ($) 5,991 12,336 17,000 15,883

Net cost to utilize manure ($/farm)1 4,520 4,311 32,222 25,181

Crop returns ($/farm) 9,923 18,898 45,694 32,965

Other costs ($/farm) 15,306 40,966 96,045 71,563

Net crop returns ($/farm)2 �15,894 �38,714 �99,561 �79,662

Maximum �4,292 �1,799 �7,397 �10,316

Minimum �27,446 �176,038 �440,226 �323,575
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With restrictions on application of N or P in manure, most farms
would have to lease additional acres to utilize manure (Table 7). The
P-restriction in particular had a large impact on feeder-pig-to-finish op-
erations spreading manure on hay. Under this restriction, 93 percent of
the large farms in this type of operation needed to lease additional acres
for spreading manure, if survey crop yields were used to determine the
maximum amount of P nutrient needed by hay. The average additional
acreage needed was 331 acres. Farms could reduce leased acres by im-
proving hay yield. The average leased acres could be reduced from 331
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B. Based on potential crop yields to determine crop’s need for manure

Baseline N-restriction P-restriction P-restriction
with phytase

Own acres received manure/farm 66 79 100 98

Manured acres/farm 70 102 247 180

Hay yield (tons/ac) 4.03 5.45 5.45 5.45

Manure application rate for hay (1000 gal/ac) 177 90 37 52

Manure N (lb/acre) 531 270 111 156

Manure P2O5 (lb/acre) 247 126 52 38

Manure K2O (lb/acre) 619 315 129 182

Commercial N (lb/acre) 23 0.57 159 117

Commercial P2O5 (lb/acre) 0.33 0 0 0

Commercial K2O (lb/acre) 6.32 0 53 2

Commercial fertilizer cost ($/farm) 494 16 12,866 5,663

Phytase cost ($/farm) 0 0 0 8,785

Manure application costs ($/farm) 9,877 9,892 15,281 12,531

Land lease cost/farm ($/farm) 140 927 5,913 3,284

Manure utilization costs ($/farm) 10,511 10,835 34,060 30,263

Fertilizer value of manure/farm ($) 5,991 12,336 17,000 15,882

Net cost to utilize manure ($/farm)1 4,520 (1,501) 17,060 14,381

Crop returns ($/farm) 9,923 18,898 45,694 32,965

Other costs ($/farm) 15,306 23,558 57,015 41,132

Net crop returns ($/farm)2 �15,894 �15,495 �45,381 �38,430

Maximum �4,292 �1,799 �7,397 �10,315

Minimum �27,446 �29,178 �89,163 �73,346

1Net cost to utilize manure = cost to utilize manure � fertilizer value of manure.
2Net crop return = crop returns � other costs � manure utilization costs. Price of hay is $34/ton (Bosch et al.). Other
cost is $230/ac, which is the total production cost excluding fertilizer cost and land rent (NC budget). Fertilizer prices
are $0.27/lb, $0.31/lb, and $0.17/lb for N, P2O5, and K2O fertilizers, respectively.
Sources: Results of individual whole farm modeling.
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TABLE 5. Average costs and returns to a corn-soybean-wheat rotation on
Southern Seaboard large feeder-pig-to-finish farms (2,500 + hogs) spreading
lagoon liquid manure on the soil surface

A. Based on survey crop yields to determine crop’s need for manure

Baseline N-
restriction

P-
restriction

P-restriction
with phytase

Number of farms 157

Animal units/farm 1,074

Acres owned/farm 453

Own acres received manure/farm 69 289 346 276

Manured total acres 69 396 516 376

Corn yield (bu/ac) 52 58 58 58

Wheat yield (bu/ac) 34 34 34 34

Soybeans yield (bu/ac) 27 27 27 27

Manure application rate for corn (1000 gals/ac) 98 14 15 21

Manure application rate for wheat (1000 gals/ac) 136 33 17 23

Manure application rate for soybeans (1000 gals/ac) 102 17 18 24

Manure N (lb/ac)1 336 64 50 68

Manure P2O5 (lb/ac) 157 30 23 32

Manure K2O (lb/ac) 392 75 58 79

Commercial N (lb/ac) 0 0 1 0

Commercial P2O5 (lb/ac) 0 0 0 0

Commercial K2O (lb/ac) 0 0 0 0

Commercial fertilizer cost ($/farm) 0 0 139 0

Phytase cost ($/farm) 0 0 0 7,310

Manure application costs ($/farm ) 12,953 22,224 27,214 21,438

Land lease cost ($/farm) 0 4,280 6,800 4,000

Manure utilization costs ($/farm) 12,953 26,504 34,153 32,748

Fertilizer value of manure ($/farm) 1,074 6,113 8,815 5,434

Net cost to utilize manure ($/farm)2 10,802 20,391 25,388 27,314

Crop returns ($/farm) 7,750 41,520 54,127 39,436

Other costs ($/farm) 12,953 73,334 95,696 69,722

Net crop returns ($/farm)3 �18,156 �58,318 �75,722 �63,034

Maximum �13,132 �4,117 �24,312 �22,110

Minimum �27,446 �81,661 �106,014 �85,717
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B. Based on potential crop yields to determine crop’s need for manure

Baseline N-
restriction

P-
restriction

P-restriction
with phytase

Own acres received manure/farm 69 183 224 177

Manured total acres/farm 69 205 468 196

Corn yield (bu/ac) 52 120 120 120

Wheat yield (bu/ac) 34 55 55 55

Soybeans yield (bu/ac) 27 35 35 35

Manure application rate for corn (1000 gals/ac) 98 36 32 43

Manure application rate for wheat (1000 gals/ac) 136 27 27 37

Manure application rate for soybeans (1000 gals/ac) 102 44 23 32

Manure N (lb/ac)1 336 107 82 112

Manure P2O5 (lb/ac) 157 50 38 46

Manure K2O (lb/ac) 392 125 96 130

Commercial N (lb/ac) 0 0 5 0

Commercial P2O5 (lb/ac) 0 0 0 0

Commercial K2O (lb/ac) 0 0 0 0

Commercial fertilizer cost ($/farm) 0 0 365 0

Phytase cost ($/farm) 0 0 0 6,983

Manure application costs ($/farm ) 12,953 14,674 17,022 14,384

Land lease cost ($/farm) 0 892 1,833 780

Manure utilization costs ($/farm) 12,953 15,566 19,220 22,147

Fertilizer value of manure ($/farm) 1,074 8,104 10,151 6,801

Net cost to utilize manure ($/farm)2 10,802 �7,462 �9,069 �15,346

Crop returns ($/farm) 7,750 39,260 51,621 37,609

Other costs ($/farm) 12,953 37,979 49,937 36,382

Net crop returns ($/farm)3 �18,156 �14,285 �17,536 �20,920

Maximum �13,132 �8,430 �8,940 �10,859

Minimum �36,192 �28,963 �41,345 �44,200

1The average of three crops.
2Net cost to utilize manure = manure utilization costs � fertilizer value of manure.
3Net crop return = crop returns � other costs � manure utilization costs. Prices of corn, wheat, and soybeans are
$2.10/bu, $2.47/bu, and $5.34/bu (2001 loan rates). Other costs for corn is $276/ac, for soybean $166/ac, and for
wheat $114/ac (ERS Website). The other cost is the total production cost excluding fertilizer cost and land rent. Fer-
tilizer prices are $0.27/lb, $0.31/lb, and $0.17/lb for N, P2O5, and K2O fertilizers, respectively. These data are the
averages of April prices of 1998 and 1999 (NASS).
Sources: Results of individual whole farm modeling.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
N
a
t
i
o
n
a
l
 
A
g
r
i
c
u
l
t
u
r
a
l
 
L
i
b
r
a
r
y
]
 
A
t
:
 
1
4
:
4
6
 
1
8
 
F
e
b
r
u
a
r
y
 
2
0
1
0



to 147 acres if the potential hay yield level was achieved. The P-restric-
tion had less impact on feeder-pig-to-finish operation spreading manure
on corn, soybean, and wheat. Most farms (60%) had adequate land for
spreading manure on these crops. Feeding hogs a phytase additive ef-
fectively reduced the additional acreage needed by the hog farms.
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TABLE 6. Average costs and returns to hay production on Southern Seaboard
medium feeder-pig-to-finish farms (750-2,500 hogs) spreading lagoon liquid
manure on the soil surface

A. Based on survey yields to determine crop’s need for manure

Baseline N-restriction P-restriction P-restriction
with phytase

Number of farms 156

Animal units /farm 403

Acres owned /farm 42

Own acres received manure/farm 18 32 38 36

Manured total acres /farm 18 75 182 131

Hay yield (tons/ac) 3.52 3.52 3.52 3.52

Manure application rate for hay (1000 gal/ac) 160 59 24 34

Manure N (lb/ac) 480 177 72 102

Manure P2O5 (lb/ac) 224 83 72 48

Manure K2O (lb/ac) 560 206 133 119

Commercial N (lb/ac) 0 0 162 118

Commercial P2O5 (lb/ac) 0 0 0 0

Commercial K2O (lb/ac) 0 0 0 2

Commercial fertilizer cost ($/farm) 0 0 3,841 1,690

Phytase cost ($/farm) 0 0 0 2,623

Manure application costs ($/farm) 6,080 6,747 10,788 8,745

Land lease cost ($/farm) 0 1,720 5,760 3,800

Manure utilization cost ($/farm) 6,080 8,467 20,389 16,858

Fertilizer value of manure ($/farm) 3,618 3,680 5,075 4,741

Net cost to utilize manure ($/farm)1 2,462 4,787 15,314 12,177

Crop returns 1,965 5,630 13,641 9,841

Other costs 4,085 17,278 41,865 30,202

Net crop returns ($/farm)2 �8,200 �20,115 �48,613 �37,219

Maximum �5,629 �5,190 �7,449 �7,320

Minimum �10,137 �43,121 �105,001 �77,655
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Will the farms be able to lease additional land to dispose surplus ma-
nure? The possibility in some areas of the region is limited. Most coun-
ties in the North Carolina Seaboard where CAFOs are located had
excess manure phosphorous (Kellogg et al., 2000). Under the proposed
restrictions, these counties would not have enough cropland to assimi-
late the excess phosphorous and would have to export manure to other
counties. Because the cost of hauling liquid manure off the farms ($5
for base charge per 1000 gallons and $3 per mile per 1000 gallons,
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B. Based on potential crop yields to determine crop’s need for manure

Baseline N-restriction P-restriction P-restriction
with phytase

Own acres received manure/farm 18 25 38 35

Manured total acres/farm 18 30 73 52

Hay yield (tons/ac) 3.52 5.56 5.56 5.56

Manure application rate for hay (1000 gal/ac) 160 93 38 52

Manure N (lb/ac) 480 277 115 159

Manure P2O5 (lb/ac) 224 130 53 56

Manure K2O (lb/ac) 560 325 133 182

Commercial N (lb/ac) 0 0 162 118

Commercial P2O5 (lb/ac) 0 0 0 0

Commercial K2O (lb/ac) 0 0 0 2

Commercial fertilizer cost ($/farm) 0 0 3,840 1,690

Phytase cost ($/farm) 0 0 0 2,622

Manure application costs ($/farm) 6,080 5,398 6,276 5,660

Land lease cost ($/farm) 0 213 1,403 694

Manure utilization cost ($/farm) 6,080 5,611 11,519 10,666

Fertilizer value of manure ($/farm) 3,618 3,679 5,075 4,741

Net cost to utilize manure ($/farm)1 2,462 1,932 6,444 5,925

Crop returns 1,965 5,630 13,641 9,841

Other costs 4,085 6,904 16,735 12,072

Net crop returns ($/farm)2 �8,200 �6,885 �14,613 �12,897

Maximum �5,629 �5,190 �7,449 �7,320

Minimum �10,137 �8,474 �19,008 �16,361

1Net cost to utilize manure = manure utilization costs � fertilizer value of manure.
2Net crop return = crop returns � other costs � manure utilization costs. Price of hay is $34/ton (about half of NASS
reported price). Other cost is $230/ac, which is the total production cost excluding fertilizer cost and land rent (NC
budget). Fertilizer prices are $0.27/lb, $0.31/lb, and $0.17/lb for N, P2O5, and K2O fertilizers, respectively.
Sources: Results of individual whole farm modeling.
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TABLE 7. Additional leased acres needed by farms in Southern Seaboard to
comply with restrictions on land application of manure for crop production,
feeder-pig-to-finish operations

N-restriction P-restriction P-restriction
with phytase

Based on survey crop yields to
determine crop’s need for manure

Operation type and size group Acres/farm (percent of surveyed farms in group)1

Large-spreading-manure on hay

Average2 97 (80%) 331 (93%) 214 (85%)

Maximum 537 1,431 1,007

Minimum 0 0 0

Large-spreading-manure on csw3

Average 107 (40%) 170 (40%) 100 (40%)

Maximum 997 1,466 254

Minimum 0 0 0

Medium-spreading-manure on hay

Average 43 (78%) 144 (89%) 95 (78%)

Maximum 127 337 237

Minimum 0 0 0

Based on potential crop yields to
determine crop’s need for manure

Operation type and size group Acres/farm (percent of surveyed farms in group)1

Large-spreading-manure on hay

Average2 23 (64%) 147 (92%) 82 (81%)

Maximum 116 412 253

Minimum 0 0 0

Large-spreading-manure on csw3

Average 22 (28%) 46 (33%) 19 (28%)

Maximum 0 481 254

Minimum 0 0 0

Medium-spreading-manure on hay

Average 5 (44%) 35 (88%) 17 (66%)

Maximum 21 71 47

Minimum 0 0 0

1Percent of farms in the group needing to lease additional land.
2Averages are weighted using survey weights.
3Csw = corn-soybeans-wheat rotation.
Source: Results of individual whole farm modeling.
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(Fleming et al., 1998) far exceeds the fertilizer value of manure (less
than $2 per 1000 gallons), hauling manure out of the region would not
be economical. Using or developing alternative on-farm technologies to
reduce surplus P in the liquid manure could be more economical for the
farms in the region. Possible on-farm technologies include hog diets
(similar to phytase) that reduce P in animal excretion, and biological,
physical, and chemical filters that remove excess P in manure before
field applications (NCSU, 2000).

Average Net Crop Returns per Farm and per Hog Sold

All survey farms in the three operational groups (Tables 4-6) in the
region had negative crop returns in 1998 (the baseline scenario) mainly
due to manure application costs, low crop yields, low crop prices, and
high production costs. Under the baseline scenario, large feeder-pig-
to-finish farms in the first group (spreading manure on hay) (Table
4. A), on average lost $15,894, with maximum loss $27,446 and mini-
mum loss $4,292. The loss increased to $38,714 (by more than 100 per-
cent) under the N-restriction scenario, to $99,561 (by more than 600
percent) under the P-restriction scenario and to $79,662 under the P-re-
striction with phytase feed. The losses would be reduced by more than
half if the farms achieved the potential hay yields instead of the survey
yields (Table 4. B). Phytase reduced losses when farms with limited
cropland had to comply with the P-restriction.

Similar income losses also were estimated for the farms in the other
two operational groups (Tables 5 and 6). Farms in these two groups had
smaller (but still substantial) income losses (net crop returns per farm)
than the farms in the first group. Large feeder-pig-to-finish farms in the
second group spreading manure on corn-soybeans-wheat lost $18,156
on average under the baseline scenario (Table 5). The average loss in-
creased to $58,318 under the N-restriction, and to $75,722 under the
P-restriction. Achieving potential crop yields reduced the losses to
$14,285 under the N-restriction and to $17,536 under the P-restriction.
Use of phytase increased income loss under the P-restriction, indicating
that many farms in this group had sufficient acres for manure applica-
tion, and that the added cost of phytase and reduced fertilizer value of P
in manure exceeded the cost saving from reduced manure application.
Also, under the P-restriction, large farms spreading manure on corn-
soybean-wheat had a smaller income loss per manured acre than large
farms in spreading manure on hay mainly because of fewer leased acres
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due to smaller hog-land ratios, larger gross net returns from crops, and
less cost for supplemental N fertilizer for crop need.

Medium-size feeder-pig-to-finish farms in the third group spreading
manure on hay lost $8,200 on average under the baseline scenario (Ta-
ble 6). The average loss increased to $20,115 under the N-restriction
scenario, and to $48,613 under the P-restriction scenario. If the farms
could achieve potential yield levels, average loss would be significantly
reduced to $6,885 under the N-restriction, and to $14,613 under the
P-restriction. Use of phytase reduced the income loss when the farms
must comply with the P-restriction scenario. Farms in this group on av-
erage also had smaller income losses per manured acre than the farms in
the first group, mainly due to smaller hog-land ratios.

Further study based on potential yields showed that large feeder-
pig-to-finish farms spreading manure on hay would be able to reduce
the costs of complying with the P-restriction by changing to a corn-soy-
beans-wheat rotation. The latter had higher crop gross net return per
acre (crop gross return less production costs) and also required less ad-
ditional commercial N fertilizer per acre than hay in complying with the
P-restriction. Under the P-restriction, the farms must purchase addi-
tional N fertilizer to supply N for the hay’s need because the N-P ratio of
nutrients (about 2) in the manure is much smaller than the N-P ratio of
nutrients (about 5) needed by the hay.

Net crop return (loss) per hog sold is an important piece of informa-
tion that can help the farm operator determine how much crop income
loss he or she has to absorb (or add) for each hog sold. Under the base-
line scenario, the average loss was less than $1 for the large feeder-
pig-to-finish farms in the first and the second groups and around $1 for
the medium-size farms in the third groups (Table 8). The net returns per
hog sold for large farms in the first group averaged slightly smaller than
the net returns per hog sold for medium size farms in the third group.
Net returns per hog sold for the large operation are comparable with the
estimates by Bosch et al. (1998).

The proposed restrictions caused large crop income losses per hog
sold for farms in all three groups when survey yields were used to deter-
mine crops’ need for manure. However, crop income loss per hog sold
on the medium-size farms (the third group) was greater than on the large
farms. Farms in this medium size group had crop income losses increase
more than 100 percent under the N-restriction, more than 400 percent
under the P-restriction, and more than 300 percent under the P-restric-
tion with phytase diet. Farms in all three groups could reduce the in-
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TABLE 8. Net (crop) return per hog sold under various manure application sce-
narios, Southern Seaboard feeder-pig-to-finish farms

Baseline N-restriction P-restriction P-restriction
with phytase

Based on survey crop yields to
determine crop’s need for manure

Operation type and size group $/hog sold (percent of surveyed farms in group)1

Large-spreading-manure on hay

Average2 �0.71 (100%) �1.56 (100%) �3.98 (100%) �3.11 (100%)

Maximum �0.08 �0.09 �0.68 �0.61

Minimum �3.31 �5.56 �13.79 �10.15

Large-spreading-manure on csw3

Average �0.93 (100%) �2.23 (100%) �2.86 (100%) �2.43 (100%)

Maximum �1.85 �0.95 �1.25 �1.23

Minimum �10.58 �4.82 �6.58 �5.02

Medium-spreading-manure on hay

Average �1.03 (100%) �2.52 (100%) �6.03 (100%) �4.61 (100%)

Maximum �0.54 �0.42 �0.91 �0.93

Minimum �1.38 �5.72 �13.94 �10.31

Based on potential crop yields to
determine crop’s need for manure

Operation type and size group $/hog sold (percent of surveyed farms in group)1

Large-spreading-manure on hay

Average2 �0.71 (100%) �0.62 (100%) �1.70 (100%) �1.44 (100%)

Maximum �0.08 �0.09 �0.43 �0.61

Minimum �3.31 �0.98 �2.14 �1.84

Large-spreading-manure on csw3

Average �0.93 (100%) �0.70 (100%) �0.82 (100%) �0.99 (100%)

Maximum �0.58 �0.53 �0.64 �0.81

Minimum �1.85 �1.06 �1.25 �1.37

Medium-spreading-manure on hay

Average �1.03 (100%) �0.86 (100%) �1.78 (100%) �1.57 (100%)

Maximum �0.54 �0.43 �0.91 �0.93

Minimum �1.38 �1.21 �2.11 �1.82

1Porcent of farms in the group that had a negative net income.
2Averages are weighted using survey weights.
3Cs = corn-soybeans rotation, csw = corn-soybeans-wheat rotation.
Source: Results of individual whole farm modeling.
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come losses by more than one-half if they achieved potential crop yields
as opposed to survey yields.

Marginal Costs (Shadow Prices) of Manure

Information on the marginal cost (shadow price of the manure re-
striction) to the farm of utilizing the last 1000 gallons of manure could
help the operator determine whether to expand or to reduce the number
of hogs. It also could help the operator assess the economic feasibility
of adopting alternative waste management technologies. A large posi-
tive marginal cost implies that the operator might be able to reduce the
cost either by reducing the number of hogs on the farm, or by moving
manure off the farm. A large negative marginal cost implies the farmer
could improve net income by acquiring additional manure for crop pro-
duction, either from expanding the hog operation or purchasing manure
from other farms.

Most farms in 1998 had a positive marginal cost of manure use (Ta-
ble 9), while a few farms had a negative marginal cost. The negative
marginal cost occurred to the farms having had high crop yields and
purchased supplemental commercial fertilizers for crop needs. Under
the baseline scenario, about 92 percent of farms in the first group and all
farms in the other two groups had positive marginal costs. The average
marginal cost was $0.33 for the last 1000 gallons for the farms in the
first group, $0.95 for the farms in the second group, and $1.09 for the
farms in the third group. Marginal costs increased substantially under
the N and P restrictions. For example, for the farms in the first group,
marginal cost increased from $0.33 to $4.34 under the N-restriction, to
$12.13 under the P-restriction, and to $8.32 under the P-restriction with
phytase diet. Similar large increases also occurred for the farms in the
second and third group. Use of phytase reduced the marginal costs un-
der the P-restriction, but the costs were still substantial. Farms could re-
duce average marginal costs by more than half by achieving potential
crop yields instead of survey yields.

SUMMARY AND CONCLUSIONS

In response to public concerns about the environmental effects of
large concentrated livestock feeding operations and their associated
waste management, EPA (2000) has proposed several changes to cur-
rent permit regulations. The changes include redefining concentrated
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TABLE 9. Marginal costs of manure (shadow prices) under various application
scenarios, Southern Seaboard feeder-pig-to-finish farms

Baseline N-restriction P-restriction P-restriction
with phytase

Based on survey crop yields to
determine crop’s need for manure

Operation type and size group $/1000 gallons (percent of surveyed farms in group)1

Large-spreading-manure on hay

Average2 0.33 (92%) 4.34 (95%) 12.13 (100%) 8.32 (97%)

Maximum 3.60 16.78 42.04 29.94

Minimum �1.703 �0.345 0.43 �0.08

Large-spreading-manure on csw4

Average 0.95 (100%) 6.41 (100%) 8.51 (100%) 6.08 (100%)

Maximum 2.17 15.37 20.64 15.04

Minimum 0.43 2.88 3.86 2.79

Medium-spreading-manure on hay

Average 1.09 (100%) 6.73 (100%) 17.84 (100%) 12.38 (100%)

Maximum 1.81 16.78 42.04 3.63

Minimum 0.72 0.31 2.15 1.16

Based on potential crop yields to
determine crop’s need for manure

Operation type and size group $/1000 gallons (percent of surveyed farms in group)1

Large-spreading-manure on hay

Average2 0.33 (92%) 1.34 (95%) 4.98 (100%) 3.14 (97%)

Maximum 3.61 1.72 5.57 3.63

Minimum �1.703 �0.345 0.43 (0.08)

Large-spreading-manure on csw4

Average 0.95 (100%) 1.33 (100%) 1.89 (100%) 1.28 (100%)

Maximum 2.17 2.16 2.89 2.07

Minimum 0.43 1.04 1.42 1.00

Medium-spreading-manure on hay

Average 1.09 (100%) 1.16 (100%) 4.72 (100%) 2.84 (100%)

Maximum 1.81 1.72 5.57 3.63

Minimum 0.72 0.31 2.15 1.16

1Percent of farms in the group that could improve net return by reducing one 1000 gallons of manure produced on
farm.
2Averages are weighted using survey weights.
3A negative value indicates the increase of crop net return from the last 1000-gallons applied.
4Csw = corn-soybeans-wheat rotation.
5This particular farm had not enough manure for producing 10 tons/acre of hay.
Source: Results of individual whole farm modeling.
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animal feeding operations (CAFOs), and specifying new permit re-
quirements for land application of CAFO manure. These changes would
increase the number of hog farms subject to regulations and impose
more restrictions on land application of manure than currently. This
study assessed the economic impacts of these changes on hog farms in
the Southern Seaboard (SS) region. Findings of this study are given be-
low.

In our simulation analysis, all hog farms in the SS region in 1998 lost
income from utilizing manure for crop production because of manure
application costs and crop production losses. Most farms spread a large
volume of lagoon liquid on the field, supplying manure nutrients ex-
ceeding the crops’ needs. As a result, the cost of spreading manure was
larger than the value of manure nutrients to the crops. This result is con-
sistent with an earlier study by Roka and Hoag (1996). Also, most farms
experienced low crop yields and crop prices in 1998. As a result, most
farms experienced losses in net crop return because their crop produc-
tion costs were larger than their crop returns.

EPA’s proposal to restrict land application of manure to the nutrient
need of receiving crops could further increase hog production costs for
most hog operations in the SS. Our results suggest that most hog farms
would have to increase the crop acreage receiving manure and absorb
additional manure application costs. They also would have to absorb
additional losses in net crop return from the expanded manured acres.
Impacts would be particularly severe on large-size farms (over 2,500
pigs) applying manure to Bermuda hay. Most farms in the region could
reduce their losses by feeding hogs a phytase diet that reduces phospho-
rous in manure, but the losses would still be substantial. Most farms
might be able to reduce the income losses by switching to other crop
production in place of Bermuda hay.

Most farms in the SS region could reduce the costs of complying with
the N- or P-restrictions and minimize nutrient losses to the environment
by improving their low crop yields. Higher crop yields could increase
net crop returns on most farms. Higher crop yields would also take up
more manure nutrients on the field and reduce residual nutrients on the
field that might be lost to the environment. Higher crop prices and in-
creased market demand for crops could provide farms the incentive to
achieve higher crop yields.

Some farms in the region could face difficulty in finding additional
cropland nearby to comply with the P-restriction, and face high costs to
export manure to other counties. Alternative on-farm technologies to
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reduce P in the manure may be lower cost and are being researched in
the region (NCSU, 2000).

In the absence of available new technologies, these farms would have
to reduce the number of hogs in the operation to reduce manure produc-
tion in order to comply with the proposed land application restrictions.
As hog numbers reduced, the average cost of raising one hog increase
because of under-utilization of their current production facilities. The
high cost could make hog production unprofitable if the income from
hog sales could not cover the cost.

Changes in the assumptions used in this analysis may affect the re-
ported results. For example, a lower level of nutrient content in manure
(than the level assumed in this study) would reduce the number of addi-
tional acres needed for manure application, and therefore reduce net in-
come losses. Higher commercial fertilizer prices would improve the
fertilizer value of the manure and therefore improve the net crop return
from manured acres. Also higher crop prices would improve crop net
return per farm. However, changes in these assumptions may not alter
our conclusions that the P-based restriction could have a large negative
economic impact on hog operations in the SS region, particularly on
those large feeder-pig-to-finish farms currently applying hog manure to
Bermuda hay.

NOTES

1. The proposed rule also includes farms producing immature hogs (weighing less
than 55 pounds). For example, a farrow-to-feeder-pig farm is considered as a CAFO if
the farm has over 3,000 hogs. Hog farms with fewer than 750 hogs are also considered
as CAFO if their operations pose a threat to the environment. These farms were not in-
cluded in this study because the information needed to identify these farms was not
available from the survey. Furthermore, there are some changes in the proposed rules
recently. The second group may no longer be in the latest proposed rule.

2. Number of hogs was held constant and the choice of crops was held fixed for
each farm across the scenarios in order to focus on short-term effects. Many farms in
the region are contracted operators and do not solely determine the number of pigs in
their operations. Choice of crops is based on type of crops planted by the farm sur-
veyed.

3. Increasing the size of storage in response to a restriction would increase cost
more than expanding the land application (Boland, Preckel and Foster, 1998). Re-
ducing the number of hogs to reduce surplus manure would be more costly to the farms
than expanding land applications of manure (Roka and Hoag, 1996).

4. It is assumed that potential yields reported by Zering et al. would be closer to the
realistic yields used by the hog farms in developing their nutrient management plan for
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the hog operation. Most yields reported in the survey were lower than the potential (re-
alistic) yields. One factor contributing for low yields could be due to the over-applica-
tion of manure in the past that resulted in salt buildup in the soil, which could cause low
yields.

5. A small number of large farms in 1998 may have used a phytase diet in their op-
erations. This study assumed that the farms used no phytase. Removal of this assump-
tion would not affect additional acres needed by the farms.
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